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ABSTRACT 
 
Statistical analysis of the UK in-depth accident database has been 
used to establish the characteristics of the ‘small driver’ at increased 
risk of injury. Drivers less than 160 cm in height are shown to have a 
significantly higher than average probability of AIS 2+ head and AIS 
2+ pelvis and lower extremity injury. Subject trials have been used to 
establish the seating preferences of small stature drivers together 
with a comparison group drawn from the population as a whole.  
 
 
    It is a well-established fact that females are smaller in stature on 
average than males. Research has also examined injury differences 
between males and females in crashes. Evans (1998 and 1991) was 
able to show that for an impact of a given severity, females aged 15 
to 60 are more likely to be killed than males. He did not however 
elaborate as to the underlying cause, although stature is thought to 
have been a factor in addition to biomechanical and physiological 
difference. Stone (1996) also found that female drivers were more 
likely to be injured than male drivers and the reasons for this 
included the fact that females are generally shorter in stature than 
males thus necessitating closer positioning to the steering wheel and 
also because of ‘inherent physical frailty’. He also observed that 
shorter drivers (both males and females) had an increased risk of 
lower extremity fractures. This finding was supported by Dischinger 
(1992); she noted that drivers less than average height in the US 
(1.70 m or 5ft 7ins) had a 64% increase in lower extremity fracture 
rates with most injuries being to the ankle/tarsals.  
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    Lenard (2001) showed female front occupants to be more 
vulnerable to injury in frontal impacts, especially with regard to 
skeletal chest and leg injuries whilst Crandall (1996) found that 
‘shorter’ front seat occupants were also at greater risk of lower limb 
injury with women having a higher risk than men. There have also 
been a number of studies that have examined the types and 
mechanisms of injuries that can be caused by airbags in certain 
situations. Kirk (2002) in an extensive review of the benefits of 
airbags in European vehicles, showed the probability of AIS 2+ head 
injury to be greatly reduced in airbag-equipped vehicles with shorter 
drivers having the greatest benefit. However, in some circumstances 
it is possible to have unfavourable interaction with the airbag during 
the early deployment phase resulting in serious injury not least if the 
driver is in close proximity to the steering wheel prior to impact. 
 
    Several observational studies have highlighted the differences in 
seating position adopted by drivers of varying stature. Research in 
the UK (Parkin 1993) has shown that for the population observed the 
5th percentile female sits some 21.5cm closer to the hub than the 95th 
percentile male, and the 50th percentile female over 6 cm closer than 
the 50th percentile male.  
 
    It is evident that previous research has focussed in the majority 
upon gender based analysis. It is accepted that gender and stature are 
unavoidably highly correlated variables however a separate stature 
based analysis is warranted to establish what differences exist in 
injury patterns when stature is considered as opposed to gender. This 
paper considers how the risk of injury to belted drivers in the UK 
varies with stature and investigates further the seating positions of 
those drivers in the population seen to be at a higher than average 
risk of injury. 
 
    The aims and objectives are summarised as follows; 
• To identify relationships between height and injury 
outcome for drivers of European passenger cars; 
• To identify by height those members of the population 
with an increased probability of serious injury compared 
with standardised probability across all heights 
• To investigate the relationship between height and  
seating position for those with a possible increased risk 
of injury. 
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METHOD 
 
    The UK in-depth accident database (co-operative crash injury 
study), known as the CCIS database has been used to investigate the 
relationship between stature and injury outcome for belted drivers of 
passenger cars. The data are sampled on vehicle age, vehicle damage 
and injury outcome. To be included in the database, the accident 
must have included at least one car that was at most seven years old 
at the time of the crash, was towed away from the accident scene and 
in which an occupant of the car was injured The data are also 
collected within a stratified sample which is biased towards ‘fatal’ 
and ‘serious’ injury outcome crashes (KSI). Of those occurring 
within the geographical sampling regions approximately 80% of all 
the KSI crashes, and around 10-15% of the slight injury outcome 
crashes are investigated. 
 
    Additional case selection has taken place for the analysis presented 
here.  The data is collected retrospectively and gathers information 
concerning injuries and anthropometry from hospital records and 
questionnaires. Whilst an accurate record is kept of a persons 
injuries, it is frequently the case that their height has not been noted, 
thus only around 45% of the drivers (those whose height is known) 
have been included in this analysis.  
 
    The analysis considers the injury outcome for frontal crashes. An 
underlying hypothesis in the research is that smaller drivers adopt a 
more forward seating position than taller drivers and thus are closer 
to internal frontal structures such as the steering wheel and column. 
In a frontal collision both the occupant trajectory and the possible 
intrusion upon impact make this the crash mode where there is most 
likely to be a relationship between injury outcome and seating 
position. 
 
    In total 1,470 drivers are included in the analysis, around 65% 
male and 35% female. Any further selections are noted in the text. 
The data covers the period 1992-2001. 
 
    The analysis results have been tested for statistical significance 
where appropriate using Chi-Square tests. In each case, the null 
hypothesis of no difference between groups is rejected if the 
probability (p) associated with the test statistic is less than 0.05.  
     
Further to the analysis a survey has been carried out to determine the 
seating preferences of those shorter drivers shown to have an above 
average risk of injury. Drivers were observed in both their own 
vehicle and small family car. Key measurements were made when in 
both their chosen driving posture and in that being the most rearward Welsh et al 
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achievable whilst maintaining adequate reach to all of the controls. In 
total 100 small stature drivers participated in the study. The survey 
was repeated on a comparative group of 20 taller drivers. 
 
    The results presented form part of a study which aimed to assess 
the current car fleet in terms of it’s suitability for small drivers and 
to recommend remedial actions that could be taken by smaller drivers 
to address the issues raised. The first phase of the work, and that 
presented here, was to determine, by height, that part of the 
population most vulnerable to injury.  Thus, the early analysis 
considers the entire car fleet irrespective of supplementary restraint 
systems. However, all of the drivers included in the analysis were 
belted and some of the later analysis considers airbag fitted vehicles.  
 
RESULTS 
 
    Data Analysis - It has been mentioned previously that gender and 
height are highly correlated variables. In general the female 
population is significantly shorter than the male, this is also the case 
for the drivers included in this analysis (χ2 = 697.3, d.f=9, p < 0.01). 
Figure 1 shows the distinctly bi-modal distribution of height within 
gender. Table 1 provides key adult percentile measures taken from 
anthropometrical tables (Pheasant 1990). 
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Figure 1 – Distribution of height by gender for drivers in sample 
 
Height (cm)  
Male Female 
5th percentile 162.5 151 
50th percentile 174 161 
95th percentile 185.5 171 
Table 1 – Adult height – percentile measures 
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    It is clear that a stature-based analysis will inevitably become 
gender biased at the extremes of the population.  For both injured 
men and women (at all levels of injury severity), the height 
distribution is skewed to the right of the 50th percentile. Initially, this 
may indicate an increased propensity for sustaining injury by taller 
occupants. However, it should be noted that many of those injured 
will have received only minor injury (AIS 1 only) whereas the main 
focus of this study is examination of more serious (AIS 2+) injuries. 
 
    An initial exploration of the impact characteristics of the accidents 
in the sample was made to determine any differences in the direction 
of force of the impact and the Delta-V when comparing shorter to 
taller drivers. No significant differences were found. 
 
    Chi-Square tests have been used to establish where differences in 
the rate of AIS 2+ injury by height exist for the different body 
regions considered, these being the head, chest, abdomen and pelvis 
and lower extremity as well as the Maximum Abbreviated Injury 
Score across all body regions (MAIS). These variables were 
considered since there were sufficient data for robust analysis. The 
two shortest and the two tallest categories have been merged to 
ensure sufficient expected counts for valid results. The results are 
summarised in table 2. 
 
Body region χ2 Degrees freedom Significance (p) 
MAIS 4.264 7 0.749 
Head 17.582 7 0.014 
Chest 4.602 7 0.708 
Abdomen 7.313 7 0.397 
Pelvis and 
lower 
extremity 
19.390 7 0.007 
Table 2 - Chi-square tests for equal distribution of AIS 2+ injury 
within height 
 
    Based on the statistical results presented in Table 2, there are 
differences in the rates of AIS 2+ injury within height for injury to 
the head and the pelvis and lower extremity but not for MAIS, the 
chest or the abdomen.  
 
    Figure 2 shows the percentage of drivers within each height band 
who received an AIS 2+ injury. For the head there appears to be a 
quadratic relationship between height and rate of AIS 2+ injury. The 
shorter stature drivers have the highest rate of serious head injury, 
those of medium height the lowest rate and there is subsequent 
increase in the rate for the taller drivers. The smallest drivers have a 
Welsh et al 
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significantly higher rate of AIS 2+ pelvis and lower extremity injury 
than their taller counterparts, whilst the second highest rate of AIS 2+ 
pelvis and lower extremity injury is found for drivers between 170 
and 180 cm tall. 
Figure 2 - Rate of AIS 2+ by body region  
 
    The analysis has been repeated at the AIS 3+ level of severity for 
those body regions where significant results were found at AIS 2+ 
level, that is the head and pelvis and lower extremity. 
 
Body region χ2 Degrees freedom Significance (p) 
Head 30.071 7 < 0.01 
Pelvis and 
lower 
extremity 
15.653 7 0.028 
Table 3 - Chi-square tests for equal distribution of AIS 3+ injury 
within height 
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Figure 3 - Rate of AIS 3+ injury by body region 
 
    As with AIS 2+ injury, a Chi-square test confirms significant 
differences in the proportion of drivers with AIS 3+ injury for the Welsh et al 
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different height bands (Table 3). Figure 3 shows that the rate of AIS 
3+ head injury varies with height in a similar pattern to AIS 2+ 
injury. The same is evident for AIS 3+ pelvis and lower extremity 
injury. Clearly the smallest drivers have a significantly higher rate of 
such injuries than taller drivers. 
 
    Next any differential effect of height between men and woman 
was studied using a general linear model including the independent 
variables gender and height so that the significance of the interaction 
could be determined. The results presented are for those body regions 
whereby previous results revealed a statistically significant 
relationship, specifically the head and lower extremity. Table 4 
shows the results from this analysis. A statistically significant 
interaction term was found only in the case of lower extremity. No 
statistically significant interaction term was observed for head injury. 
The numbers in the table are the associated ‘p’ values for each term 
in the model. 
 
Dependent variable Independent variable significance 
 Height Gender Interaction term 
Head severity 0.00 0.56 0.52 
Lower ex severity 0.11 0.60 0.04 
Table 4 – Interaction Term for Head and Lower Extremity Severity 
 
    As can be seen from the table, in the case of head injury the effects 
observed is due to height only whereas in the case of lower extremity 
injury, there is a more complicated interaction effect between height 
and gender that may need further exploration. 
 
    The next analysis examines the effect of the driver airbag on head 
injury outcome and a comparison is made between drivers in vehicles 
fitted (but not necessarily deployed) with an airbag and those in a 
vehicle with no airbag. The lines shown in the graph denoting 
‘Average fitted’ and ‘Average not fitted’ are reference values for 
injury probability standardised across all heights. Thus it can be 
shown which height categories have a higher than average or lower 
than average probability of injury in each situation (i.e. airbag/no 
airbag). Figure 4 shows the results of this analysis. This distinction 
has been made as airbags have been shown to reduce the incidence of 
serious head injury in other studies (e.g. Kirk et al 2002).   
 
    For reference, Table 5 gives the distribution of airbag fitment by 
gender and within height bands. The % given (to 1 dp) is that within 
gender. 
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Male (879) Female (590) Height (cm) Fitted Not Fitted Fitted Not Fitted 
Up to 155 2  (0.2%) 1 (0.1%) 15 (2.5%)  42 (7.1%) 
156-160 5  (0.6%)  8 (0.9%) 35 (5.9%) 86 (14.6%) 
161-165 11 (1.3%) 26 (3.0%) 40 (6.8%) 107 (18.1%) 
166-170 25 (2.8%) 66 (7.5%) 52 (8.8%) 109 (18.5%) 
171-175 66 (7.5%) 131 (14.9%) 30 (5.1%) 35 (5.9%) 
176-180 85 (9.7%) 173 (19.7%) 15 (2.5%) 22 (3.7%) 
181-185 69 (7.8%) 120 (13.7%) 0  1 (0.2%) 
Over 185 34 (3.9%) 57 (6.5%) 1 (0.2%) 0 
Total 297 (33.8%) 582 (66.2%) 188 (31.9%) 402 (68.1%) 
Table 5 – Airbag fitment by height and gender 
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Figure 4 - Probability of AIS 2+ head injury by height and 
airbag fitment 
 
    Firstly considering vehicles not equipped with airbags, Figure 4 
shows that drivers up to 160 cm in height have a significantly 
increased probability of AIS 2+ head injury above the average for 
such vehicles. This is supported by a Chi-square test, χ2 = 17.865, 
p=0.013, d.f=7. On the whole drivers of medium stature have a lower 
than average probability of serious head injury. For the tallest 
drivers, over 185 cm in height, the probability increases above the 
average. 
 
    The picture is slightly different for air bag fitted vehicles. It is 
clear from Figure 4 that the probability of AIS 2+ head injury is 
lower for drivers of all statures in airbag fitted vehicles than in those 
not fitted with airbags with one notable exception. In the 161-165 cm 
height band the data suggests that there is a higher probability of AIS 
2+ head injury in an airbag fitted vehicle than in a non-airbag fitted 
vehicle. In airbag fitted vehicles the probability of AIS 2+ head 
injury is above average for drivers up to 165 cm tall and also for 
those over 180 cm tall, whilst the probability of such injury is below 
average for drivers between 166 and 180 cm tall. A Chi-square test 
shows border line significant differences in the rate of injury for 
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these three height groups in airbag fitted vehicles. (χ2 = 5.722, 
p=0.057, d.f=2). 
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 Figure 5 – Probability of AIS 2+ pelvis and lower extremity 
injury by height and gender  
 
    For AIS 2+ pelvis and lower extremity injury, Figure 5 shows that 
the smallest drivers, up to 155 cm tall, once again have the highest 
probability of serious injury. This group have a significantly higher 
than average probability of AIS 2+ injury (χ2 = 19.390, p=0.007, 
d.f=7). These will undoubtedly comprise mainly female drivers. 
There is also an above average probability of AIS 2+ pelvis and 
lower extremity injury for drivers between 170 and 180 tall. 
 
    The results presented above were used to make a judgement 
concerning the small driver population considered to be above 
average risk of injury, these forming the population of interest for the 
subsequent trials. It is evident that this population extends beyond the 
stature of the 5th percentile female (around 150cm) and includes a 
proportion of men. Keeping the focus on ‘small stature’ the entire 
lower quartile of the European population was chosen, irrespective of 
gender. This equates to drivers 161 cm tall or less. The data 
presented raises issues for other sections of the population; tall 
stature drivers with respect to head injury, and those of medium 
height for pelvis and lower extremity injury, but they were not the 
focus of the trials which looked for evidence of increased proximity 
to the steering wheel for small stature drivers. 
 
    Seating Preferences - In order to determine the preferred seating 
position of smaller drivers, 100 subjects were recruited through 
advertisement in local media and participated in a survey study.  As 
this group was randomly self-selected from the local population, it is 
proposed that the sample is representative of the general population. 
The selection criteria were that the individual was at most 161 cm in 
Welsh et al 
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height and that they regularly used a vehicle (one individual was in 
fact, 162cms in height). Because of the height requirement, the 
sample was heavily biased toward female participants, who make up 
a large percentage of the smaller UK adult population.  Accordingly, 
96 participants were female and only 4 male. In order to provide an 
appropriate context for the small driver dimensions, a limited sample 
of 20 taller drivers were also appraised in the same manner.  These 
were made up from 12 males and 8 females.  Table 6 shows the 
population statistics for the small driver participants and the control 
group, referred to as ‘normal’.  
 
Stature 
[stature %ile] 
Minimum 
cm (ft) 
Mean 
cm (ft) 
Maximum 
cm (ft) 
Small drivers 140 (4’ 7”) 
[0.03] 
154 (5’ ½”) 
[5.4] 
162 (5’ 4”) 
[26.5] 
Normal drivers 161 (5’ 3”) 
[23.1] 
175 (5’ 9”) 
[72.8] 
193 (6’ 4”) 
[99.7] 
Table 6 – Population statistics for participants 
 
    For each participant, four seating positions were evaluated 
representing the participants chosen position, and the rearmost 
practicable position, for their own and a reference vehicle.  A limited 
number of static anthropometric measurements were taken as well as 
some subjective data regarding attitudes to driving positions.  These 
data were correlated in order to determine compare the participant’s 
anthropometry with the position they adopted in a vehicle. 
 
Selection of driving position 
Each participant arrived for the evaluation in their own vehicle, 
allowing for an accurate determination of their normal driving 
position.  Examples are shown in Figure 6. 
 
 
Figure 6 – Examples of participant’s chosen driving positions. 
 
    When asked to adopt their chosen driving position in the reference 
vehicle, it became apparent that the procedure is normalised.  
Invariably, the fore/aft adjustment of the seat is adjusted for 
comfortable reach to the foot controls, followed by adjustment of the 
seat back angle for comfort and reach to the steering wheel.  Finally, Welsh et al 
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minor adjustments were undertaken to the lumbar support and height 
if required and/or if the participant was aware of the facility. 
 
    This standardised procedure suggested that there is a clear 
relationship between certain body dimensions and the proximity of 
the driver to various vehicle controls.  In particular, leg length and 
arm reach appear to be the critical values. 
 
Proximity to steering wheel 
The focus of this survey was the proximity of the driver to the 
steering wheel when in their chosen driving position as well as a 
position optimised for clearance. In order to explore the risk of head 
injury through steering wheel contact, the distance from the nasion to 
steering wheel hub centre was recorded as well as the chest to hub 
centre.  
 
The data recorded for the participants chosen seating positions is 
summarised in Table 7.  
 
 Own vehicle Reference vehicle 
Mean seating 
measures (cm) 
Small drivers Normal 
drivers 
Small drivers Normal 
drivers 
Steering 
wheel to chest 
(SD) 
32.6 (5.5) 40.6 (5.6) 32.6 (5.1) 41.6 (3.9) 
Steering 
wheel to 
nasion (SD) 
40.6 (5.0) 47.5 (4.5) 39.4 (4.1) 47.5 (4.3) 
Table 7 – Steering wheel proximity measures for drivers 
 
    It can be seen that the small driver’s average preferred distance 
(32.6 cm) from the steering wheel was significantly greater for the 
participants than that recommended by NHTSA (25.4 cm), as well as 
that recorded by previous observational studies. 
 
    Participants were asked whether seating position was a factor in 
the performance of airbags.  The recorded response is shown in table 
8. 
 
Benefit dependent on seat position ? Yes No 
Small drivers 71 % 23 % 
Normal drivers 91 %  9 % 
Table 8 - Perceived dependence of airbag performance on seat 
position 
 
Furthermore they were asked where was best to sit in this regard, 
close to the steering wheel, far from the steering wheel, half way 
between or other.  The responses are shown in Table 9. A high Welsh et al 
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proportion of the small drivers were not confident to give a response 
to this question. 
 
 Far Close Centre Other Don’t 
know 
Where 
best to sit 59 % 6 % 3 % 1 % 41% Small 
drivers Where worst to 
sit 
8 % 58 % 0 % 1 % 43% 
Where 
best to sit 86 % 0 0 14 % 0% Normal 
drivers Where worst to 
sit 
0 86 % 0 14 % 0% 
Table 9 - Perceived best location to sit responses 
 
 
    The effect of adopting the most rearward seating position on the 
proximity to the steering wheel was also noted.  The data, given in 
Table 10, demonstrates that only a small amount of increased 
clearance is observed despite the participant being required to sit 
with their limbs at almost maximum extension. 
 
 Own vehicle Reference vehicle 
Mean alternative 
posture 
Small 
drivers 
Normal 
drivers Small drivers Normal drivers
Steering wheel to 
chest (cm) 36.8 44.6 36.4 45.3 
Steering wheel to 
nasion (cm) 43.4 50.9 42.1 50.2 
Table 10 - Alternative seating position dimensions 
 
DISCUSSION 
 
    At present, regulatory compliance testing of vehicles involves 
crash testing of vehicles using a 50th percentile dummy. It is well 
known that several vehicle manufacturers choose to conduct 
evaluations of crashworthiness performance using anthropomorphic 
dummies that generally represent population extremes (i.e. 5th and 
95th percentile). It is worth noting that none of the dummies used in 
conventional crash testing are thought to adequately predict lower 
extremity injury outcome whilst the prediction of head injury has 
been the subject of much debate over the years. 
 
    This study indicates that in the UK sample studied, there is an 
enhanced risk of injury to small stature occupants in real-world 
crashes in two main aspects, these being head injury and lower 
extremity injury at both the AIS 2+ and AIS 3+ levels. It should be Welsh et al 
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reiterated that the data used are biased towards fatal and serious crash 
outcomes therefore may not truly represent the injury risk to the 
general population in its entirety. However, since all drivers in the 
sample were subject to the same sampling criteria, useful 
comparisons can be made within the data. 
 
    To take the issue of lower extremity injuries first, the reasons for 
enhanced injury risk are reported but largely not explored in this 
paper. Follow up studies are planned. Firstly, it would be worth 
examining in closer detail the exact type of injuries that smaller 
stature drivers sustain compared to their taller counterparts.  One 
issue could be that of posture of smaller occupants.  Given the need 
for the driver to maintain closer proximity to the steering wheel, 
there is an inherent probability that shorter stature drivers are likely 
to drive with the patella region in the proximity of the front facia or 
underneath the steering column. With this positioning comes an 
enhanced risk of entrapment of the knee in the event of a crash which 
in turn may lead to axial loading and compression through the lower 
limb in the event of intrusion of the footwell. This is a common cause 
of lower extremity injury and was reported elsewhere by Taylor et al 
(1997). Another possibility involves that of positioning of the 
foot/ankle during driving. Crandall et al (1996) noted in a simulated 
braking study that shorter stature drivers and females in particular 
were more likely to lift the entire foot from the accelerator to brake 
whilst taller drivers and males were more likely to ‘pivot’ the 
foot/ankle whilst maintaining contact with the floor. The lower 
extremity injury risk for females was in part explained by differences 
in footwear since women’s high-heel shoes exhibited static and 
dynamic instability. However, another observation involved the fact 
that shorter stature drivers tended to exhibit more plantarflexion of 
the foot/ankle, a possible factor in enhanced injury risk. 
 
    Another explanation could be that smaller stature drivers actually 
drive smaller vehicles, which are thought to be more prone to 
extensive intrusion of the footwell region in the event of a frontal 
crash. Further analysis of the data is necessary to explore this 
possibility. 
 
    The issue of head injury is even more complex. The National 
Highway Transport Safety Administration (NHTSA) recommends 10 
inches (25cms) as the minimum distance that drivers should keep 
between their breastbone and their airbags for several reasons. They 
maintain that drivers who sit 10 inches away and buckle up will not 
be at risk of serious air bag injury.  The 10-inch distance is a general 
guideline that includes a clear safety margin. The 10-inch distance 
ensures that vehicle drivers start far enough back so that, between the 
time that pre-crash braking begins and time that the air bag begins to Welsh et al 2003 
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inflate, the occupants will not have time to move forward and contact 
the air bag until it has completed or nearly completed its inflation. 
The 10 inch-distance was calculated by allowing 2-3 inches for the 
size of the risk zone around the air bag cover, 5 inches for the 
distance that occupants may move forward while the airbags are fully 
inflating, and 2-3 more inches to give a margin of safety.  However, 
the observational studies conducted in this study evidently indicate 
that the short stature driver has a seating position that far exceeds this 
recommendation. However, it is also worth noting that Parkin et al’s 
observational roadside study found that the driving UK female sits 
some 9.2cm closer to the steering wheel than the position of the 5th 
percentile Hybrid III dummy in a crash-test. Therefore in order to 
gain a more complete understanding of why head injury risk is higher 
to the shorter stature driver, it is necessary to examine in more detail 
the both the mechanism of the head injuries and also the source of 
the injuries. It may be necessary to also re-examine static positioning 
versus actual driving position as one possibility remains that the 
position adopted by the driver immediately prior to the crash is 
somewhat different to the position adopted in static observations. 
Therefore it is feasible that the driver could potentially interact with 
the airbag at the point of deployment. Previous work has indicated 
that there is some risk of concussive head injury in such an event 
(Wellbourne, 1994). He also noted an anecdotal case of a dummy 
head striking the steering wheel behind the deployed airbag. Even if 
the airbag is not directly responsible per se for head injury, in some 
cases the possibility exists that close proximity of the airbag in the 
crash could result in the head ‘rolling off’ the airbag due to the force 
of deployment directly onto the driver door frame or A-pillar. This 
occupant kinematic scenario has been observed anecdotally in 
EuroNCAP crash-test films. 
 
    As a whole, the study presented here has proved inconclusive 
regarding the risk of head injury through airbag deployment. Whilst 
laboratory studies have shown that the injury risk to the smaller 
stature driver as represented by the 5th percentile female hybrid III 
crash-dummy is not greatly enhanced in a typical 30mph full frontal 
crash, it would be useful to consider whether the dummy outcome is 
similar when the crash-pulse is more demanding since accident 
studies do not provide all of the answers. As such, it is necessary to 
examine injury measurements as recorded by the 5th percentile 
female Hybrid III dummies in both higher speed tests and a more 
rigorous condition such as the 64km/h 40% overlap offset condition 
(such as the EuroNCAP test condition). Even then though, the real-
life injury risk to is not always predictable - whilst such tests may 
partially reveal any increased probability of leg injury through tibial 
index measurement, lack of wholly suitable biofidelic foot/ankle 
measurement apparatus is a drawback. Welsh et al 2003 
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